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Disclaimer

As a public resource provided by IFA’s Fertilizer Industry Decarbonization Initiative (FIDI), this
Guidebook is intended for informational and educational purposes only. The content was
developed through a special IFA-supported project on nitrogen stabilizers, led by external
expert partners. While coordinated by IFA, it does not necessarily represent the official views
or endorsement of IFA or its members.

IFA members and other stakeholders remain fully independent in their choice of tools,
methodologies, initiatives, and approaches. Apart from IFA’s Adoption of Nitrogen Stabilizers
to Transition to Low-Carbon Agriculture GHG methodology, this Guidebook is GHG
methodologically neutral. It does not prescribe or endorse specific solutions, nor express views
on engagement with external initiatives.

Furthermore, this Guidebook does not seek to influence the commercial behavior of market
participants. It does not provide guidance on prices, premiums, costs, output, customer
allocation, or any other competitively sensitive matters, all of which must be determined
independently by each company. Participation in any approach described herein is voluntary
and non-exclusive. Users remain responsible for ensuring compliance with applicable
competition laws.

The purpose of this Guidebook is to support a shared understanding of key concepts across
the landscape.

For more information, please contact: ifa@fertilizer.org
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Preface

In a world facing continued population growth, rising food demand, resource
constraints, and environmental challenges, the fertilizer industry plays a critical role in
enhancing agricultural productivity while reducing its environmental impact. Aligned
with SDG 2 (Zero Hunger), SDG 9 (Industry, Innovation and Infrastructure), SDG 12
(Responsible Consumption and Production), SDG 13 (Climate Action), SDG 15 (Life on
Land), and SDG 17 (Partnerships for the Goals), the International Fertilizer Association
(IFA)! supports its members in advancing global food security while contributing to
climate and sustainable development objectives.

The Decarbonization Claims Guidebook for Fertilizer Use (the “Guidebook”) is a public resource made
available through IFA's Fertilizer Industry Decarbonization Initiative (FIDI). FIDI brings together IFA
members, leading academic experts, and key stakeholders across the fertilizer and broader agrifood
value chain to advance strategic projects, develop robust emissions accounting methodologies, and
provide guidance on credible decarbonization claims. Through this collaborative platform, FIDI delivers
food-secure, science-based, technology-neutral, and fertilizer-specific decarbonization resources that
support practical and effective action aligned with global climate goals. All decarbonization-related
projects, services, and tools developed under FIDI are open to all IFA members, with participation on a
voluntary basis.

This Guidebook is dedicated to nitrogen stabilizers in particular, having been developed as part of a
special IFA-supported project exploring nitrogen stabilizers as a concrete solution for mitigating nitrous
oxide (N20) emissions associated with fertilizer use in crop production. The project was implemented
as a collaboration between IFA, 14 of its members, and external expert partners, resulting in three major
outputs:

1. Anew greenhouse gas (GHG) emissions methodology standard titled ‘Adoption of Nitrogen
Stabilizers to Transition to Low-Carbon Agriculture’ which quantifies the impact of nitrogen
stabilizers on reducing GHGs.

2. An Emission Factor (EF) database containing updated EFs for combinations of major
fertilizers and nitrogen stabilizers based on a meta-analysis of peer-reviewed, public scientific
studies.

3. This Decarbonization Claims Guidebook for Fertilizer Use, which serves as an educational
resource summarizing the latest developments in GHG reporting requirements, market-based
decarbonization mechanisms, and supply chain collaboration relevant to nitrogen stabilizer use
cases.

Together, the methodology, the database, and this Guidebook form a comprehensive suite of resources
designed to support stakeholders across the fertilizer value chain in making credible decarbonization
claims involving nitrogen stabilizers. These works reflect a shared commitment by IFA, its members,
and expert partners to advancing sustainable agricultural practices, supporting global food security, and
accelerating climate action across the fertilizer value chain.

The information presented in this document is intended as a general introduction to key concepts and
considerations relevant to developing successful partnerships and should be complemented by analysis
tailored to specific circumstances. While this Guidebook aims to reflect the latest GHG accounting
guidance and standards development activities available at the time of publication, relevant frameworks
continue to evolve. Readers are encouraged to consult the most recent guidance and seek appropriate
professional advice when applying the concepts described herein.

" IFA represents around 500 members in over 80 countries. IFA promotes the efficient, responsible production,
distribution, and use of plant nutrients and is committed to embedding sustainability and safety at the heart of the
fertilizer industry’s future.


https://proba.earth/nitrogen_stabilizers_methodology
https://proba.earth/nitrogen_stabilizers_methodology
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Introduction

Historically, fertilizer suppliers have played a crucial role in enhancing agricultural
productivity, supporting a growing global population, and minimizing the need for land
conversion. However, they also significantly contribute to the greenhouse gas (GHG)
footprint of crop production, accounting for approximately 0.7 billion tons of CO;
equivalent emissions (CO2-eq) annually?, along with other forms of nitrogen-related
pollution.

Roughly one-third of fertilizer-related emissions are related to production of the fertilizer itself. This
significant share stems from the energy-intensive manufacturing processes and associated emissions
that occur before fertilizers even reach the farm. Beyond ensuring a stable supply, fertilizer suppliers
influence the carbon intensity of fertilizers through their production technologies and energy sources,
making them key actors in efforts to decarbonize agriculture.

The fertilizer industry: actors and dynamics

The fertilizer industry is a multi-stage, interconnected system linking raw material extraction to food
production. Upstream actors supply key nutrient inputs such as nitrogen, phosphorus, and potassium,
which are derived from natural gas, phosphate rock, and potash ores, then processed into products like
ammonia, urea, phosphoric acid, and potash. Manufacturers convert these into usable fertilizers,
sometimes adding inhibitors to create nitrogen-stabilized formulations (described below). These
products then move through distribution, where transportation and warehousing companies handle
logistics. Distributors and retailers, including agricultural supply stores and cooperatives, market
fertilizers to farmers. At this stage, nitrogen stabilizers may also be added or blended with fertilizers, so
that specific agricultural needs are met before these products are sold. Farmers, ranging from
smallholders to large agribusinesses, apply these products to optimize crop yields. After harvest, crop
outputs flow to commodity traders, food processors, consumer packaged goods companies (CPGs),
corporations, and end consumers, which ultimately shape demand for sustainably produced crops.

Lastly, governments, research institutions, civil society, and consumers influence the system through
regulation, innovation, advocacy, and sustainability expectations, collectively shaping how fertilizers are
produced, delivered, and used, as well as their impact on productivity, resource efficiency, and the
environment.

Decarbonization levers for fertilizer use

Other players in the agricultural value chain, such as farmers, influence emissions through fertilizer
application and crop management practices, which shape soil emissions and fertilizer efficiency. About
60% of fertilizer-related emissions occur in the field after application, while logistics and processing
contribute comparatively little.

2 IFA & Systemiq, 2022. Reducing emissions from fertilizer use.
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GHG source ‘ Production emissions ‘ Transport ‘ In-field emissions

GHG share \ 38.8% \ 2.6% \ 58.6%

Mitigation 98% 30% 30% 5-50%
. i~ Out of scope _
options Low-emissions Controlled Release Nitrogen Use

fertilizers Stabilizers Fertilizers (CRF) Efficiency (NUE)

Table 1: Segmentation of nitrogen fertilizer-related GHG emissions throughout the life cycle.® Percentages shown
in the mitigation options row indicate potential reduction in GHG emissions compared to production or use of
conventional products. Global application of nitrogen stabilizers (on half of crop area and area fertilizer with urea)
has the potential to reduce direct N2O emissions by 30%—50% and the fraction of nitrogen from urea that is lost to
volatilization by 30%—60%.* Note: The actual impact of each nitrogen stabilizer type (NI, Ul, UINI) depends on the
specific emission pathway (direct N2O, NHs volatilization or N leaching). A standard 30% reduction is used in these
examples as an intentional simplification for illustrative purposes.

Table 1 shows generalized estimates of the relative contributions of each stage of fertilizer use to total
greenhouse gas emissions. In practice, these proportions may differ significantly. Fertilizer production
accounts for roughly one-third of emissions due to its energy-intensive processes; transport contributes
a small share; and the majority arises from in-field N2O emissions. Production emissions could be
reduced with low-emissions fertilizers, while in-field emissions could be lowered through wide adoption
of nitrogen stabilizers (inhibitors), controlled-release formulations, or other measures that improve
nitrogen use efficiency.

Because fertilizer use represents a large share of emissions within crop cultivation, enhanced efficiency
fertilizers — including nitrogen stabilizers — offer a major opportunity to reduce the overall GHG footprint
of agricultural products. However, adoption remains limited due to high abatement costs, complex
supply chains, and insufficient evidence on long-term performance, which reduces confidence and
investment in these innovations.

Nitrogen stabilizers

Nitrogen stabilizers (also commonly called “inhibitors”) are compounds added to inorganic or organic
nitrogen fertilizers to reduce nutrient losses and GHG emissions by slowing biological processes that
drive ammonia volatilization and nitrate leaching. They include urease inhibitors (Ul) for urea-based
fertilizers, nitrification inhibitors (NI) for urea and ammonium fertilizers, and combined products (UINI).
Urease inhibitors slow the breakdown of urea, reducing ammonia volatilization, while nitrification
inhibitors delay the conversion of ammonium to nitrate, thereby decreasing nutrient leaching and N20
emissions. By keeping more nitrogen available in the soil for crops, these stabilizers improve fertilizer
efficiency and help avoid unnecessary greenhouse gas emissions.

Through a special IFA-supported project, Proba has developed a GHG methodology that quantifies and
certifies emission reductions achieved using nitrogen stabilizers in agriculture, providing a scientifically
robust and globally applicable framework for sustainability projects. The tool focuses on nitrogen
stabilizers because these additives directly reduce fertilizer-related emissions by slowing key biological
processes that cause nitrogen loss. By concentrating on this intervention, the methodology enables
clear, measurable climate benefits, ensures alignment with agronomic best practices, and fills a critical

3 Menegat, S., Ledo, A. and Tirado, R., 2022. Greenhouse gas emissions from global production and use of
nitrogen synthetic fertilisers in agriculture. Scientific Reports, 12(1), p.14490.

4 IFA & Systemiq, 2022. Reducing emissions from fertilizer use. See also: Fan, D., He, W., Smith, W.N., Drury,
C.F, Jiang, R., Grant, B.B., Shi, Y., Song, D., Chen, Y., Wang, X. and He, P., 2022. Global evaluation of inhibitor
impacts on ammonia and nitrous oxide emissions from agricultural soils: a meta-analysis. Global Change Biology,
28(17), pp-5121-5141; and, Chen, M., Schievano, A., Bosco, S., Montero-Castafio, A., Tamburini, G., Pérez-
Soba, M. and Makowski, D., 2023. Evidence map of the benefits of enhanced-efficiency fertilisers for the
environment, nutrient use efficiency, soil fertility, and crop production. Environmental Research Letters, 18(4),
p.043005.


https://proba.earth/hubfs/Methodologies/PM.0004_Adoption_of_nitrogen_stabilizers.pdf?hsLang=en
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gap in the market for credible, traceable, and verifiable emissions accounting in conventional crop
production systems.

Interventions such as the application of nitrogen stabilizers are designed to reduce absolute GHG
emissions compared to a baseline or business-as-usual (BAU) scenario. Their success, however,
depends not only on environmental performance but also on economic incentives and financial viability
at farm and supply chain level. Farmers’ adoption decisions are shaped by the balance between
additional costs, potential yield benefits, fertilizer savings, and the availability of mechanisms that
compensate for risks. Designing effective market-based mechanisms therefore requires a clear
understanding of both the economic and accounting implications of stabilized fertilizer interventions.
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Purpose of the Guidebook

As the agricultural ecosystem faces growing pressure to reduce greenhouse gas
emissions, this Guidebook presents a framework designed to accelerate the adoption
of nitrogen stabilizers, an intervention aimed at decarbonizing the fertilizer supply
chain.

It is not intended to serve as a strict ruleset, but rather as an informational and educational resource for
all stakeholders which will undergo regular updates and revisions according to IFA member feedback.

Within this context, this Guidebook addresses the following key elements:

1. Harmonization of definitions on supply chain decarbonization. This Guidebook presents
and refers to a set of definitions related to supply chain decarbonization that stakeholders can
adopt in a consistent and unified way. This alignment ensures that all parties involved share a
common understanding of key concepts, which is essential for effective communication and
coordinated action across different industries and regions.

2. Simplification and standardization of GHG reporting. The Guidebook presents and
summarizes key guidelines and frameworks related to the process of greenhouse gas (GHG)
emissions reporting within the context of fertilizer supply chains. By standardizing how
emissions are measured and reported, organizations can improve the accuracy, transparency,
and comparability of their climate data, making it easier to track progress and meet regulatory
or voluntary reporting requirements.

3. Discussion of innovative funding mechanisms for climate impact by promoting direct
and market-based collaboration models. The Guidebook presents how the establishment of
market-based mechanisms can create new and innovative financing approaches to support
climate initiatives. By fostering direct partnerships and market-based collaboration models
between stakeholders, it helps unlock funding opportunities that might otherwise be
inaccessible, accelerating investment in projects that reduce emissions and generate positive
environmental impact.
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Structure of the Guidebook

This Guidebook is organized into four parts that move from foundational concepts to
practical partnership models and concluding insights.

Part A establishes the fundamentals, introducing financing mechanisms for interventions, physical
traceability requirements, GHG accounting approaches for nitrogen stabilizers, product-level claims,
and double-counting safeguards, along with an overview of premix and postmix use cases. Part B then
focuses on premix partnerships, detailing how different actors, namely, farmers or cooperatives,
producers, distributors, and CPG companies, can collaborate within premix supply chains. Part C shifts
to postmix partnerships, explaining how they differ from premix models and outlining the specific claims
available to inhibitor producers. Finally, Part D offers closing reflections to help readers consolidate the
guidebook’s insights and apply them effectively in real-world contexts.

Fundamentals Part A

Premix partnerships  [zbleds

Farmer Distributor-
Producer - CPG (cooperative) - Farmer
CPG (cooperative)
Postmix partnerships liX®
Differences with The role of the
pre-mix cases inhibitor producer

A 4

Closing remarks Part D

Figure 1: Structure of the Guidebook.



Part A: Fundamentals

Part A establishes common terminology and a background on how emission reductions
generated through nitrogen stabilizer interventions can be financed and accounted for.
This part relies on industry-wide knowledge and is meant as an educational resource.
Rather than defining all concepts on a fully standalone basis, the text refers to other
resources such as the GHG-Protocol and ISO among others.

The text tries to accommodate a wide variety of reporting requirements member companies may face,
and it discusses key concepts that are thought to be universally important. Readers are urged to validate
any insights from this Guidebook with their auditors when it comes to actual implementation, which will
always be context-specific and subject to ongoing updates of their reporting standard of choice.
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Chapter 1. Mechanisms to Finance Interventions

Despite continued innovation in efficiency, it is generally accepted that curbing climate
impact in the agrifood sector will most likely come at an economic cost. In cases where
nitrogen stabilizers are employed, this chapter asks the question: who will pay for the
extra cost?

How are costs defined

Depending on the intervention, the additional cost can be expressed in different units. A few non-
exhaustive examples are:

e USD per acre

e USD per ton of fertilizer

e USD per ton of crop

e USD per cup of coffee

e USD per ton of CO2-eq reduced

The elements comprising these costs can again be wide ranging depending on the situation. Typical
cost components of delivering a positive outcome using nitrogen stabilizers are:

e Production costs (incl R&D)
e Mixing / Distribution

e Application

e Data gathering / Certification
e Agronomic risk

Funding mechanisms

The investment in this additional cost delivers an outcome of value. Specifically for nitrogen stabilizers,
the perceived value will usually be derived from a reduced impact in the field. Multiple actors in the
supply chain can instigate the intervention to achieve this effect. In what is collectively known as
environmental finance, there are broadly four funding mechanisms that apply:

1. Regulatory incentives
Willingness to pay for emission-reducing interventions can stem from regulatory pressure in some
parts of the world. Usually, such laws apply to the point of emission, which in the case of nitrogen
stabilizers is the field and hence the farmer. Although not inconceivable based on examples from
other sectors, farmers are not currently taxed for their in-field emissions in any country. What is
more likely is farmers being incentivized to implement more climate-friendly practices through
government subsidy schemes.

2. Development finance
In recent years, climate-related outcomes have become an important consideration in many
development finance programs, although the relative emphasis placed on climate-specific financing
targets and metrics continues to evolve across institutions and over time.® Nitrogen stabilizers can
play an important role in decoupling the required increase in food production through fertilizer use
from increasing emissions. This especially applies to the Global South, which is a key target for
development finance (both public and NGO). Some costs of nitrogen stabilizer adoption could be

5 The World Bank Group announced in a June 2026 statement that it would retire the climate co-benefits
financing targets in its Climate Change Action Plan and shift from input-based targets to outcome-based
measures of development impact, while continuing to support and report on climate-related outcomes.



https://www.worldbank.org/en/news/statement/2026/06/29/update-on-the-world-bank-group-climate-change-action-plan
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funded through these means in specific settings. However, these opportunities are expected to stay
fairly limited in scope for the foreseeable future.

3. Voluntary carbon markets

By following independent standards on project development, verification and validation,
interventions can generate carbon credits that can be sold on the open market. Through this
mechanism, the intervention can be funded. Buyers, usually large corporations, retire the credits to
make a so-called contribution claim (based on emission reduction credits) or neutralization claim
(“offsets” based on emission removals). This subject is discussed further in Chapter 2 and Part D
(Concluding remarks). Given the amount of competing supply in this market, it is expected to play
a limited role for nitrogen stabilizers.

4. Supply chain partnerships

The largest demand driver for nitrogen stabilizers is expected to be supply chain partnerships. In
this scenario, different actors in the supply chain collaborate to fund, implement and report on the
intervention. A simplified example of such a partnership would be the fertilizer producer, farmer and
offtaker working together to reduce the EF per ton of N at a premium. Another one would be the
fertilizer producer, the inhibitor producer, the distributor, the farmer and the offtaker to reduce the
EF of a more sustainable cup of coffee. Due to the fragmented nature of agrifood supply chains,
multiple different value chain collaborations can apply.

The focus of this Guidebook

With increasing regulatory attention to field-based emissions and many large agrifood corporations
having adopted voluntary emissions-reduction targets, including through the Science Based Targets
initiative (SBTi), supply chain partnerships have become an important mechanism for financing
emissions reductions. While the number of validated science-based targets in the agrifood sector has
continued to grow, adoption has not been uniform, and the pace and durability of corporate
commitments remain subject to evolving market, regulatory, and business conditions. Given their
growing relevance, supply chain partnerships are the focus of this Guidebook. Willingness to pay and
enter such partnerships will usually center on what different actors can credibly report to their
stakeholders, including regulators, consumers, shareholders, and value chain partners. This will be
discussed in the next chapter.
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Chapter 2. Physical Traceability and Chain of Custody

Chapter 1 established the increasing popularity of supply chain collaboration to co-
finance and co-claim interventions such as nitrogen stabilizers. Importantly,
willingness to participate in such partnerships depends on what can be reported by the
different actors.

Why it matters

The Greenhouse Gas Protocol (GHG-Protocol) is the world’s most widely used GHG accounting
standard and serves as the default measurement methodology for GHG emissions under the
International Financial Reporting Standards (IFRS) S2 Climate-related Disclosures.

Inventory accounting provides a comprehensive annual assessment of emissions within a company’s
operational boundary, tracking actual emissions over time relative to a baseline year. Inventory
accounting is used for calculating, among others, the Scope 3 emission inventory of a business, which
accounts for the company’s total GHG emissions associated with its activities in the reporting year.
GHG reductions are therefore accounted by comparing changes in the company’s actual emissions
inventory over time relative to a base year. For example, a mitigation effort done within the company’s
operational boundary can be reflected in inventory accounting through changes in (lower) EFs.

When it comes to supply chain partnerships discussed here, the GHG-Protocol Corporate Value Chain
(Scope 3) Standard is of relevance for Inventory Accounting. This protocol describes how reporting
entities should account for the emissions of their suppliers (Scope 3 upstream, Category 1 Purchased
Goods & Services). Furthermore, the GHG-Protocol also describes how the reporting entity should
report their aggregate emissions onward to their downstream customers (Scope 3 downstream,
Category 11). The resulting GHG footprint can either be reported at the organization level known as
GHG inventory, or disaggregated at the product level, known as product carbon footprint (PCF).8

Traceability

Assuming the goal is to account how nitrogen stabilizers reduce the GHG inventory (Category 1 and/or
11) of a product / organization, attention shifts to physical traceability. In simple terms, physical
traceability revolves around answering where a product (ingredient) originated. The key differentiator is
the ability to trace up to a certain level of granularity according to the GHG-Protocol. For the purposes
of this Guidebook, the following levels of granularity are ordered:

Batch >> Site >> Multi-site >> Country >> Regional >> Global

Physical traceability is relevant to GHG accounting since without a sufficient level of traceability it is
impossible to ascertain the required information on associated emissions. In addition to sufficient
physical traceability, the way in which products and emission data are handled throughout the supply
chain will influence the conformity to the reporting requirements.

Chain of Custody

Chain of Custody (CoC) models are used to describe how products and their attributes are handled
throughout the supply chain. Certifying the CoC has become a widely-used method to make product

6 A popular alternative to GHG-Protocol focused on regulatory compliance is the ISO 14064 standard. The ISO-
analog of PCF is known as Life Cycle Assessment (LCA), which can be more broadly defined than just greenhouse
gases.
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claims in regulated and unregulated settings. Some examples include certification to show renewable
energy, biomaterials, child labor and conflict mineral characteristics of end products just to name a few.
More information on product-level claims is included in Chapter 4.

CoC models are relevant to this Guidebook since they are increasingly used for GHG Accounting.
Whereas physical traceability describes the origin of products, a CoC model can connect a reporting
entity to other attributes of the physical supply chain such as its emission profile. These models become
particularly important in situations where emissions cannot be traced exactly but need to somehow be
aggregated and attributed to specific products. This happens often, both in chemical processes such
as fertilizer production as well as in food supply chains.

The exact definition of CoC models and their certification requirements will depend on the standard the
reporting entity uses. Popular examples are ISO 22095:2020 and ISEAL Chain of Custody Models and
Definitions v2 (2025). The Value Change Initiative (VCI) in partnership with ISEAL has made important
contributions to the interpretation of these CoC models in the context of agricultural supply chains.”

The table below includes relevant examples on selected CoC models relevant to this Guidebook.

Example in production Example in field

Batches of certified material are
physically separated from non-
certified material throughout the
supply chain.

Plots of certified crop are physically
separated from plots of non-certified crop
throughout the supply chain.

Segregation

Mixing of certified and non-certified inputs / outputs is acceptable according to
defined criteria. There is no physical guarantee that the attributes have an exact
link to each product. Tracking is maintained administratively through reconciliation.

Physical connectivity can be maintained at a predefined level of granularity.
Mass Balance

e.g. claims can be made up to farm,
cooperative or sourcing region level.
Sometimes referred to as ‘Supply Shed’

e.g. claims can be made up to site,
channel or delivery region level.

The physical flow of goods is fully unbundled from the attributes (in this case, the
emission reductions).
Table 2: Relevant examples on selected Chain of Custody models.

Book & Claim

7 For further information, readers are referred to VCl's publication Physical Traceability in Greenhouse Gas
Accounting and the outputs of its Food & Agriculture workstreams available on the VCI website.
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Chapter 3. GHG Accounting for Nitrogen Stabilizers

This chapter summarizes relevant GHG-Protocol guidance in the context of nitrogen
stabilizer-based interventions in agrifood supply chains. Particular attention is given to
the Land Sector and Removals Guidance, ongoing Scope 3 revisions, and other
relevant GHG-Protocol standards-development activities. In addition to published
guidance, the chapter discusses potential implications of proposals currently under
review. These proposals have not been formally adopted and may change as the
standards-development process evolves. Readers should consult the latest GHG-
Protocol publications and seek advice from auditors, assurance providers, or other
qualified professionals at the time of application.

Measurability

A great part of what fertilizer companies report as their Scope 3 downstream emissions is related to the
use phase of their sold products, which largely involves N2O emissions from fertilizer application in
agricultural fields. These emissions are considered indirect and fall under Scope 3, Category 11: Use
of sold products in inventory accounting. Reporting for these emissions can involve applying different
levels of measurement granularity and accuracy, known as Tier 1, Tier 2, and Tier 3 approaches.

e Tier 1 uses default EFs provided by the Intergovernmental Panel on Climate Change (IPCC),
which estimates that about 1% of applied nitrogen is emitted as N20. This method is the most
straightforward and widely used for initial reporting.

e Tier 2 improves accuracy by incorporating country- or region-specific data, such as fertilizer
type, soil characteristics, and crop types, allowing for more context-specific EFs.

e Tier 3 represents the most detailed level, employing process-based models and extensive data
inputs like soil carbon stocks measurements and management practices to simulate emissions
more precisely.

Today, most fertilizer companies employ Tier 1 calculations using the IPCC default factors but could
look to increasingly adopt Tier 2 and Tier 3 methods to refine their emissions estimates and to enable
reporting mitigation achieved in the use phase of fertilizers.

What can be reported

Based on currently available GHG-Protocol guidance and relevant standards-development activities,
the following constraints are expected to be particularly important when assessing whether emission
reductions can be included in GHG inventories (Scope 3, Category 1 and/or 11):

1. Impact traceability alone is not sufficient.
a. Physical connectivity is necessary to include interventions in the GHG inventory.
2. Mass balance over multiple sites and/or suppliers can be sufficient for physical
connectivity, but it needs to be implemented properly.
a. Temporal reconciliation within 12 months is recommended.
b. A supply shed spanning multiple countries is considered weak.
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3. Attribution of low-EF products may be supportable if allocation rules are respected.
a. Free allocation of climate impact across co-products is never allowed.
b. (Reduced) Emissions need to be mapped to physical products and co-products
appropriately in accordance with the GHG-Protocol guidelines.?
c. Avolume reconciliation must be in place that shows a buyer does not claim more low
carbon (co-)products than they bought physically,

In practical situations, it is common for supply chain partnerships to provide strong assurance on some
factors, whereas on others a weaker implementation could occur. The following table illustrates
tradeoffs an independent auditor may make when assessing supply chain partnerships.

Highly

vy Unlikely Highly likely Almost certain
Traceability Global Regional Country Site Batch
Identity
CoC Book & Claim | Mass balance ContrfJIIed preservation
blending )
& Segregation
Reconciliation | > 24 months < 24 months <12 months < 6 months Real-time
Allocation Free . Physw_al
allocation allocation

Table 3: Auditor’s tradeoffs when assessing supply chain partnerships.

Other factors that will be important (non-exhaustive)

e Training of engaged stakeholders
To avoid double counting, required accounting can be complex. Stakeholders need to be
appropriately trained and instructed to deal with boundary cases.

o Maturity of management information systems
Data governance and quality need to be in line with audit requirements.

e Consistency of granularity.
Different levels of traceability can be used to report on different physical volumes. However, for
any given volume, all required metrics should be gathered at the same level. In practice, most
supply chain partnerships will likely operate at the Tier 2 data level to reconcile physical flows
and climate impact at the sourcing region level.

The role of Book & Claim

Book & Claim is a CoC model in which sustainability attributes are transferred independently of the
physical flow of goods. Unlike mass balance systems, physical connectivity between the intervention
and the claimed product is not required. It has gained traction in financing climate action in highly
commoditized markets, with prime examples of switching ocean, road and air transport from
conventional to renewable fuels. Book & Claim is mainly popular in emerging markets to scale early
solutions, with recent interest expanding from biofuel to ammonia and hydrogen. Despite wide-ranging
industry adoption including some schemes that allow on-product claims, Book & Claim CoC systems
are not currently treated as sufficient for GHG inventory accounting under GHG-Protocol Scope 3
Category 1 and Category 11; such interventions should be reported separately under project-based or
system-contribution approaches where applicable. Part D discusses further reporting options on how
to sell or claim this climate impact.

8 Accepted allocation methods include physical (mass, energy, sector-specific proxies) and economic value
(Source: GHG-Protocol, Chapter 8 “Allocating Emissions”).
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Impact accounting (Project claims)

So far, this chapter has described how relevant actors in the supply chain can track their inventory of
GHG over time. In contrast, project accounting estimates the emissions reductions attributable to
specific mitigation projects, which can be located both within and outside the company’s operational
boundary. GHG reductions are accounted by comparing outcomes from individual GHG mitigation
projects against a counterfactual business-as-usual (also called the baseline) scenario, allowing
companies to quantify the direct effects of interventions. Following the quantification, an amount of
tradable impact units equal to the emission mitigations achieved can be generated from the project.

Inventory Accounting Project Accounting

Tracks annual actual emissions across the | Estimates avoided (reduced) emissions by
entity’s operational boundary. comparing interventions to a baseline scenario.
Reflects intervention outcomes via lower EFs. Reflects intervention outcomes via the
generation of units (offsets/insets) usable in
Market-Based mechanisms.

Requires physical connectivity to link products | Does not require physical connectivity between
to emissions data. buyer and intervention, but still requires
traceability, quantification, verification and
registry controls where applicable.

Used to report Scope 3 annual GHG emission | Used to report mitigation outcomes of a project
inventory of a company. independently from the company’s emissions
(i.e., that occur outside of a company’s Scope 1,
2, and 3). These are reported separately from a
company’s Scope 1, 2, and 3 emissions, and are
not included or deducted from the Scope 3
inventory.

Table 4: Inventory accounting versus project accounting.
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Chapter 4. Product Claims

Many producers wish to convey sustainability attributes on the product label using certification
schemes. Examples include:

e Fairtrade chocolate

e FSC timber

e Product Carbon Footprint (GHG-Protocol or ISO).
e Organic Farming

e Carbon Neutrality

e Child-labor free

¢ REACH/RoHS

e Green electricity

¢ Bio-based inputs

e Animal welfare

The requirements to make a given claim will depend on the certification scheme. Moreover, many
jurisdictions stipulate legal requirements either because some sustainability attributes are mandatory,
taxed or consumer protected. In the context of this Guidebook, it is recommended to follow similar rules
on product footprint claims as those for reporting GHG inventories. As such, attribution, mass balancing
and traceability information should be reflected transparently on product-level claims as the following
example sets out.

Product claim example (premix)

e A fertilizer producer sells 5% of their annual output mixed in with an inhibitor reducing 30%
emissions on those volumes.
e The GHG inventory (Scope 3, Category 11) of the fertilizer producer reduced by 1.5%.
o If this premix is physically segmented (separate site and/or batch):
o The producer will likely create a separate product line for this premix, presenting the
lower EF on the product packaging for direct use of its buyer.
o To avoid the risk of double counting, the producer cannot attribute the lower EF to a
buyer of conventional fertilizer.
e If this premix is sold without physical segmentation (discretionary blending)®:
o The producer can attribute a 30% lower EF to 5% of their buyers on a volume basis,
or;
o Product claims can be made on 100% of volume stating that the average EF has been
reduced by 1.5% on a mass balance basis.

This example will be explored further in Part B.

9 Note: discretionary blending goes against disclosure requirements or is at least uncommon in most physical
product settings. However, hybrids may apply where the right to claim some product-level attributes listed on
packaging could become premium options.
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Chapter 5. Double Counting

This chapter discusses one of the key risks in supply chain partnerships surrounding
emission reductions known as double counting. It can arise in the following
scenarios:

1. Realized emission reductions being overstated.
2. The same emission reduction being claimed twice.

The quantification methodology and associated certification should mitigate risks of emission
reductions being overstated. The focus of this Guidebook is on how to mitigate risk in the second
category.

Double counting

It is normal for the same emission reduction to be accounted for by multiple actors in the supply chain.
For example, a farmer applying nitrogen stabilizer is accounted for in the Scope 1 inventory of the
farmer and the Scope 3 inventory of both the farmer’s fertilizer supplier and that of the farmer’s crop
buyer.

Double counting — or more precisely, double claiming — occurs only when two or more companies assert
ownership of the same GHG reduction without having a unique supply chain relationship.

The simplified example below describes a typical double claiming scenario that should be avoided:

e Afarmer produces 5000 tons of product per year.
e The farmer applies nitrogen stabilizer to half of the fields as trial.
o 2500 tons of product are produced with 30% less emissions in-field.
o 2500 tons of product are produced with conventional emissions in-field.

e In total, the farmer GHG inventory reduces by 15%.'° Since the farmer can allocate these
reductions using the physical allocation method, the farmer may attribute the costs and impact
on a mass balance basis.

o Each buyer receives -15%, or:
o A buyer of 2500 tons receives -30%, and the remaining 2500 tons are sold as
conventional (zero reduction).

e Buyer A buys 2500 tons and is willing to pay a premium to claim emission reductions from the
intervention to which the farmer agrees. Buyer A claims -30% on their full volume, funding the
full intervention and reconciling exactly their volume on a mass balance basis.

e Buyer B buys the other 2500 tons at the regular price. Buyer B finds out an intervention took
place. Not knowing Buyer A bought all the emission reductions mass balanced with attribution
to their volumes, Buyer B claims the average EF reduced by 15%.

10 Assuming all Scope 1 emissions of the farmer come from the in-field emissions of the fertilizer product for
simplicity. Other emission sources will apply, and the percentual reduction will not apply on a 1:1 basis between
the field and the crop.
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The role of carbon credits (beyond value chain)

Situations may arise where a nitrogen stabilizer is used to generate carbon credits for the voluntary
carbon market, usually by the farmer reducing Scope 1 emissions.

e The buyer of these credits will not be able to make a GHG inventory claim, since these credits
are generated using project accounting.

e The same emission reductions may be accounted for in Inventory accounting, where the farmer
cascades Scope 1 reductions upstream and downstream. This is not double counting because
the claims made are different in nature (inventory versus project-based contribution claims).

e Importantly, the voluntary carbon market will only accept carbon credits to be issued if the
intervention could not be realized in absence of carbon finance, the so-called additionality
principle. Therefore, if willingness to pay can be located inside the physical supply chain this
will always be preferred. The opposite is also true. If a farmer has sold carbon credits, supply
chain partners may no longer be willing to pay a premium for low EF product.
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Chapter 6. Introduction to Premix and Postmix Use Cases

The remainder of this Guidebook will focus on supply chain partnerships to fund
nitrogen stabilizer interventions. This chapter introduces the practical use cases that
will be discussed in Part B and Part C.

Description

Mixing active N-fertilizer ingredients with nitrogen stabilizers has an immediate impact on the in-field
emissions the fertilizer producer reports on in their Scope 3, Category 11. The exact quantification of
this impact and its accuracy will depend on the existing accounting procedures and granularity of
available data, which will differ from producer to producer. This is why the special IFA-supported project
described previously is also developing an EF database containing updated EFs for combinations of
maijor fertilizers and nitrogen stabilizers, helping improve the accuracy and consistency of GHG
quantification associated with their use.

The remainder of this Guidebook focuses on how to account for interventions in the supply chain
partnership. From the fertilizer company’s perspective, two broad cases of nitrogen stabilizer
interventions are distinguished: premix cases, where the fertilizer company blends inhibitors into
fertilizers to produce stabilized fertilizer itself, and postmix cases, where blending occurs downstream
in the supply chain (e.g., by a distributor or a farmer).

Figure 2 visualizes the two cases we will discuss in detail:

a) Premix blending of nitrogen stabilizers and N-based fertilizer (discussed in Part B).
b) Postmix application of nitrogen stabilizers and N-based fertilizer (discussed in Part C).

(a) (b)
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Figure 2: End-to-end visual representation of a (a) premix use case; (b) postmix use case.

Stakeholders
Carbon accounting in the premix and postmix use case involves the following stakeholders:

e The fertilizer producer, which in the case of premix also supplies the nitrogen stabilizer
intervention.

e The nitrogen stabilizer provider (in the case of postmix), such as an inhibitor producer.

e The farmer, who applies the fertilizer and implements the intervention, resulting in lower
fertilizer-related emissions than the conventional fertilizer baseline.

e Thefood buyer (e.g., a consumer packaged goods (CPG) company or retailer), which may seek
to account for the resulting reduction in upstream emissions
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Demand for the premix intervention is driven by a combination of the following factors:

o The fertilizer producer wishing to report a lower Scope 3, Category 11.
o The farmer wishing to reduce in-field emissions, because of:
o subsidies/taxes on their own Scope 1 GHG inventory, and/or
o buyer demand for low carbon crops (Scope 3, Category 11).
e The buyer wishing to report lower embedded emissions (Scope 3, Category 1).

In a simple case, all stakeholders in a direct supply chain relationship would know and match each
other’s intentions. Several factors complicate supply chain partnerships in practice:

e Agricultural supply chains are highly fragmented.
Distributors, traders and logistical service providers play a significant role upstream, midstream
and downstream.

e Willingness to pay is not evident.
Supply chain partnerships may not always go in a straight line and may not be the same every
season to reach sufficient funding.

e Traceability can be challenging.
Especially for the premix case, tracing where the premix is applied may become challenging
when the product is handled by different intermediaries.

e CoC can become diluted.
When physical traceability is replaced by connectivity through mass balancing CoC models, it
can become increasingly difficult to reconcile volumes between the premix provider and the
CPG buyer. This does not matter for the GHG inventory report of the premix provider, but it
does influence the reporting integrity for the CPG buyer. This in turn will impact their willingness
to pay.

e Seasonal fluctuation and crop rotation require data agility.
Volume reconciliation requires strong documentation, protocol and communication around
required adjustments in case of unexpected events, for instance around yield / delivery
changes. This can make it hard for non-experts to keep physical flows and GHG inventory
accounted for appropriately when advanced attribution models are required.

As discussed in Part A, the way in which supply chain partners handle these practical challenges
influences the likely compliance with GHG inventory reporting requirements.

Scenarios

Under full traceability conditions, fertilizer companies, either independently or in partnership with CPGs
and other food industry actors, may be motivated by financial incentives, subsidy mechanisms, or
market demand to incorporate nitrogen stabilizers into fertilizers before field application. If the fertilizer
company can trace when, where, and to what extent this intervention occurred, it can determine the
updated EFs and the mitigation outcomes achieved for the relevant portion of its products. Subject to
the requirements of the applicable GHG accounting framework and assurance process, this information
may support the reporting of reduced use-phase emissions associated with sold products under Scope
3 Category 11. The acceptability of such reporting will depend on the robustness of the quantification
methodology, physical traceability, attribution approach, volume reconciliation procedures, and auditor
interpretation. When traceability is limited or absent, fertilizer companies may be unable to link nitrogen
stabilizer interventions to their sold products. In such cases, market-based mechanisms can serve as
alternative solutions. As outlined in earlier chapters, the fertilizer company must demonstrate that full
downstream traceability was not feasible, provide a clear justification for this, and present evidence of



Decarbonization Claims Guidebook for Fertilizer Use | 23

financial or operational barriers that prevented the implementation, segregation, or tracking of mitigation
activities and their associated outcomes within their downstream supply chain.

Structure

In the next two parts of this Guidebook, several practical examples will be illustrated. The structure of
the examples is as follows.

e Intervention type: A production intervention is examined, specifically, the use of nitrogen-
stabilized fertilizers.

o Methodology: All examples make use of IFA's GHG methodology, Adoption of nitrogen
stabilizers to transition to low-carbon agriculture, developed by Proba.' This methodology
provides guidance for calculating updated EFs and quantifying mitigation outcomes resulting
from the intervention. A summary of the methodology is provided in the box below.

¢ Intervention cases: From the fertilizer company’s perspective, two categories are
distinguished: premix cases (Part B), where the company blends inhibitors into fertilizers to
produce stabilized fertilizer, and postmix cases (Part C), where blending occurs downstream in
the supply chain (e.g., by a distributor or a farmer).

e Collaboration models: The examples illustrate how collaboration among farmers, fertilizer
suppliers, CPG companies, distributors, retailers, and other actors can lead to different market
strategies depending on each actor’s willingness to pay.

¢ Inventory accounting considerations: The examples distinguish factors that contribute to a
supply chain partnership having a high likelihood of compliance with GHG-Protocol inventory
accounting requirements. These factors relate to:

Traceability

Chain of custody
Attribution

Volume reconciliation
Double counting safeguards

©]
O
O
O
O

Quantification: IFA and Proba’s Adoption of Nitrogen Stabilizers to Transition to Low-Carbon Agriculture
GHG methodology
The methodology quantifies emissions reductions from adopting nitrogen stabilizers by using an EF

Database. This database contains paired EFs for different conditions (e.g., location, crop type, fertilizer).
Each pair includes a baseline or business as usual (BAU) factor (fertilizer only) and an intervention
factor (fertilizer plus nitrogen stabilizer). The difference — the 'delta’ — between the two factors can be
used to quantify the emissions reductions achieved by the intervention

" Adoption of nitrogen stabilizers to transition to low-carbon agriculture, Methodology ID: PM.0004, Version 1.1.
Date of Issue: December 19, 2025, Developer: Proba World BV, Owners: IFA and Proba World BV



Part B: Premix Partnerships

Part B contains three examples of how stakeholders can collaborate on funding and
reporting nitrogen stabilizer interventions. In this part, these interventions are
premixed by the fertilizer producer. The three examples are:

e Farmer (cooperative) — CPG partnerships (Chapter 7)
e Producer — CPG partnerships (Chapter 8)
e Distributor — Farmer (cooperative) partnerships (Chapter 9)

The text tries to accommodate a wide variety of reporting requirements member companies may face,
and it discusses key concepts that are thought to be universally important. Readers are urged to validate
any insights from this Guidebook with their auditors when it comes to actual implementation, which will
always be context-specific and subject to ongoing updates of their reporting standard of choice.
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Chapter 7. Farmer (cooperative) — CPG partnerships

Suppose a cooperative of farmers delivers crops to a CPG Processor / Retailer. As part
of their multi-year procurement strategy, the CPG buyer and cooperative form a
partnership to reduce emissions. Jointly they agree to fund and apply a switch of
conventional fertilizer to premix nitrogen stabilizers on a set of pilot farms.

Figure 3 describes the general outline and will be referenced throughout the examples.
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Figure 3: Premix case: farmer (cooperative) — CPG partnership.

Expanding on the calculations in the Product Claim example of Chapter 4, we suppose that:

e The cooperative consists of 100 farmers, each producing 5k tons of crop per year.
e Fertilizer is applied once every two years.
o Inyear1, crop Xis grown.
o Inyear2, cropY is grown.
e The cooperative is organized such that each year, collectively the farmers produce 250k tons
of crop X and 250k tons of crop Y.
e 5 selected farmers switch to premix. They are all about to grow crop X.
e The premix reduces fertilizer-related emissions of participating farmers by 30%.
e The cooperative is now collectively expected to produce the following crop volumes:
o Inyear1:
= 225k tons of conventional crop X.
= 25k tons of low EF crop X (-30%).
= 250k tons of conventional crop Y.
o Inyear?2:
= 250k tons of conventional crop X.
= 225k tons of conventional crop Y.
= 25k tons of low EF crop Y (-30%).

e The CPG buyer has an offtake agreement for 100k tons of crop X per year.

The following design choices would contribute to increasing the likelihood of auditable GHG inventory
reporting:

e Certification on the participating farms
Conducting a farmer training program and audits to ensure the correct implementation of the
intervention as well as required documentation on inputs/outputs will increase assurance on
the GHG report.
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e Scientific evidence for the quantified emission reduction
Only interventions can be used that have a robust scientific grounding as established in an EF
database or quantification methodology. This does not require Tier 3 field-level data, but ideally
does control factors at the same level as the physical traceability (Tier 2).

e Physical connectivity in supply shed
Since the cooperative is a direct supplier of the CPG, it can mass balance the application of
premix to its fields and attribute the outcome to the CPG.

e Attribution
For this partnership to work with this CPG alone, the cooperative may seek to attribute all
nitrogen stabilizer-related emission reductions to the crop that the CPG is purchasing.
o To do so each year, the cooperative would have to synthetically allocate the reductions
made to crop Y in year 2 onto crop X.
o It is unlikely that the (auditor of the) buyer’'s GHG-Protocol inventory will accept this
free allocation and further work may be required to temporarily allow this exception.
o Such a crop-agnostic allocation would have to be consistent with how the fertilizer
emissions themselves are allocated (i.e., not just the nitrogen stabilizer reductions).
o In the longer term, this challenge will diminish as greater volumes of low EF product
become available, for example by scaling up the program with a buyer of crop Y.
o Moreover, the crop volumes may not be available on such a granular basis in practice,
and mass balancing comes naturally at the cooperative level across crop types.

¢ Volume reconciliation
Available volumes of low EF product need to be tracked accurately to avoid over or understating
the GHG inventory reduction. If yields turn out different than planned this needs to be reflected,
preferably within a 12-month horizon to match reporting windows.

o Safeguards against double counting
Contractual assurance backed up by reasonably mature management information systems.

These challenges do not necessarily affect how the premix producer accounts for the intervention. In
principle, the premix producer may be able to reflect the associated reductions in its Scope 3 Category
11 accounting upon sale of the premix to the cooperative, subject to the applicable accounting rules
and safeguards against double counting. The next example explores circumstances in which the
accounting treatment for the premix producer requires additional consideration.
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Chapter 8. Producer — CPG partnerships

In this second example the premix producer takes the lead in building a partnership.
For CPG actors looking for scale, partnering up directly with the producer of nitrogen-
stabilized fertilizers can be an attractive way to design programs across multiple
origins and crops. Figure 4 provides a visual representation of this case.
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Figure 4: Premix case: Producer — CPG partnership.

We will only highlight the key differences with Example 1 here. Other design choices still apply. The
following design choices would contribute to increasing the likelihood of auditable GHG inventory
reporting:

o Physical connectivity in supply shed
If the partners can include a farmer cooperative with which both parties do business physically,
this example reverts to Chapter 7. If, however, there is not a single cooperative that can
physically connect the Producer to the CPG, more advanced accounting is required to show a
traceable relationship.

Suppose that:
o the premix producer can trace distribution into a delivery region, and
o the CPG buyer sources their crop from a sourcing region.

Then the intersection of the two (shaded area in Figure 5) would be an appropriate definition of
supply shed over which mass balancing occurs.
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Figure 5: Supply shed definition with mass balancing.

Similar to Chapter 7, there are several factors that influence whether this particular supply shed of
nitrogen-stabilized crop would be acceptable to the GHG inventory of the CPG buyer. For one, the
compliance may weaken if the supply shed covers more than one country. Other key factors are
discussed below.

Attribution

In the best-case scenario, the premix producer can reasonably trace application of its product
to the crop that CPG buys, such that the supply shed can become crop specific. However, this
may not be realistic in most fertilizer supply chains. Attribution considerations of Chapter 7
(crop-rotation) then apply, which will significantly complicate establishing physical connectivity.
A pragmatic alternative could be to mass balance the geographical supply shed at the level of
N usage rather than crop. Although such a solution can be envisioned, it will depend on the
exact implementation to which extent auditors can consider this in compliance with the updated
GHG-Protocol guidelines for inventory accounting.

Volume reconciliation

The implementation with highest likelihood of being compliant with the GHG-Protocol inventory
accounting guidelines is one in which supply chain partners can reconcile applied premix with
crop volumes in the defined supply shed. The mass balance attribution of low EF crop would
then have to be reconciled with the physical commodity contracts that the premix producer and
CPG buyer have with the supply shed. A reconciliation over a limited timespan such as 12
months is most likely to comply with reporting requirements. It is conceivable that a Producer —
CPG partnership would try and defend some flexibility to allow matchmaking beyond a single
season. This would be supported by multi-year physical relationships with the supply shed.

Safeguards against double counting

In this partnership structure, the farmer cooperative that applies the nitrogen stabilizer is likely
not the same as the one delivering physical crop to the CPG partner. This implies that the farmer
implementing the nitrogen stabilizer physically produces low EF crop, but should not report this
in their Scope 3 to their own physical buyers. This is because those buyers would double claim
the impact that the CPG partner is reporting on a supply shed basis through the partnership.
In practice this double claiming risk is often mitigated by having the farmer sign Scope 3
reporting waivers in their contractual relationship with the premix producer. However, this
should, under normal circumstances, not limit the right of the implementing farmer to make
Scope 1 claims, have a grievance mechanism in place, or otherwise financially benefit from the
partnership if extra work is placed upon them.
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Chapter 9. Distributor — Farmer (Cooperative) partnerships

In this last example the role of the distributor is more prominent. Suppose a distributor
commits to an offtake of premix product from a fertilizer producer. Together with their
client, a farmer cooperative, they run a program and jointly try to convince CPG buyers
to pay a premium on the crop.

We will only highlight the key differences with Chapter 7 and 8 here. Other design choices still apply.
As with the other examples, because the nitrogen stabilizer is premixed with the fertilizer ingredient, to
the producer the Scope 3, Category 11 accounting is straightforward. The same applies to the
Distributor.

The challenge sits more with how to make the partnership design such that others can also report
reductions in their inventory that make them willing to join. The following design choices would
contribute to increasing the likelihood of auditable GHG inventory reporting:

o Physical connectivity and attribution
If the implementing farmer cooperative can connect this program to one of their physical buyers,
the logic of Chapter 7 can be followed. If they cannot find willing buyers, the distributor may try
to sell climate impact (emission reductions) to a CPG buyer of another cooperative client. This
means the distributor is now mass balancing across multiple cooperatives, rather than the
supply shed being limited to a group of farmers under single ownership. This may be acceptable
but similar accounting challenges apply as in Chapter 8.

¢ Volume reconciliation
In this Distributor — Farmer partnership, a CPG buyer may come in later rather than from the
start, unlike in Chapter 7 and 8. This implies that the reconciliation between physical crops
grown with nitrogen-stabilized fertilizer and those that are bought by the CPG actor in any given
supply shed may be more difficult to make within a short time horizon. Such reconciliation is
critical however to make this use case eligible for inventory accounting.

Without strong physical connectivity and reconciliation, this case reverts to a situation in which climate
impact is traceable at project level but cannot be accounted for in the inventory. From the perspective
of the CPG, this situation would be like buying carbon credits. This type of climate impact can never be
used for inventory accounting as described in Part A.




Part C: Postmix Partnerships

Part C focuses on nitrogen stabilizer interventions that are applied postmix. That is, the
fertilizer producer may be independent of the nitrogen stabilizer solution (inhibitor)
provider. The implications on GHG Inventory Accounting are presented:

o Differences and Similarities with premix examples (Chapter 10)
e The claim of the inhibitor producer (Chapter 11)

The text tries to accommodate a wide variety of reporting requirements member companies may face,
and it discusses key concepts that are thought to be universally important. Readers are urged to validate
any insights from this Guidebook with their auditors when it comes to actual implementation, which will
always be context-specific and subject to ongoing updates of their reporting standard of choice.
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Chapter 10. Differences and Similarities with Premix Examples

This chapter discusses design considerations relevant to postmix nitrogen stabilizer
interventions under current GHG accounting guidance and ongoing GHG-Protocol
standards-development activities. Rather than repeating all previously described
information, it highlights key differences regarding earlier chapters on premix.

The most striking difference will be the additional requirements for the fertilizer producer. While Scope
3, Category 11 reporting of reduced emissions is generally achievable in the premix scenario, now the
fertilizer producer will have to show physical connectivity between its fertilizer and the nitrogen stabilizer
applied. What is also new in Part C is the role of the independent nitrogen stabilizer provider, for instance
an inhibitor producer. Reporting implications for this stakeholder are discussed separately in Chapter
11.

Farmer (cooperative) — CPG partnerships (Chapter 7)

Chapter 7 describes an example partnership between a farmer cooperative and its direct client, a CPG
buyer. From an accounting point of view, it does not matter whether the solution comes premixed with

the fertilizer or is applied separately (postmix).
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Figure 6: Postmix case: Farmer (cooperative) — CPG partnership, simple case.
Figure 6 illustrates the generic setup for the postmix case. In the simplest scenario, physical traceability

is available and the climate impact of the nitrogen stabilizer can be connected to both the fertilizer
producer (Scope 3, Category 11), the farmer (Scope 1) and the CPG buyer (Scope 3, Category 1).

What will change practically with respect to premix is the way in which the solution is applied. This is
relevant for the following factors, which remain equally important as before:

e Certification on the participating farms
e Scientific evidence for the quantified emission reduction

Once the climate impact is considered established, all other design factors remain unchanged to the
farmer and CPG regardless of premix or postmix.

As Figure 6 illustrates, inventory accounting for the fertilizer producer delivering to the farmer
cooperative can be straightforward especially in situations where the cooperative has a single fertilizer
supplier.
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However, in situations where fertilizer and nitrogen stabilizer cannot be tracked at the individual farm
level, making a Scope 3, Category 11 claim for the fertilizer producer is more challenging. The mass
balance CoC may again be used to show sufficient physical connectivity. Like using the sourcing region
(supply shed) to attribute low EF product to the buyer using mass balancing in Chapter 8, the fertilizer
producer can claim to deliver into an aggregate region where nitrogen stabilizers are applied.

Again expanding our calculation example of Chapters 4 and 7, consider the following example:

e The cooperative consists of 100 farmers

e 10 selected farmers join an inhibitor program.

e |tis unknown which exact fertilizer producer the pilot farms use, but total Urea applied is 500
tons.

e Since the same nitrogen fertilizer (Urea) is used across participating farms, application of the
inhibitor is expected to reduce fertilizer-related emissions by 30%.

e Fertilizer producer A knows it is delivering 3000 tons of Urea products in total to farmers in the
cooperative.

e Fertilizer producer B knows it is delivering 2000 tons of Urea product in total to farmers in the
cooperative. Fertilizer producer B is willing to co-fund a nitrogen stabilizer intervention.

By considering the cooperative as a supply shed across which Fertilizer Producer B applies mass
balancing, a physical connection between the intervention and fertilizer supplied into the shed can be
demonstrated. Producer B could potentially claim:

e 500 tons applied with nitrogen stabilizer resulting in 30% lower emissions Scope 3, Category
11.
e 1500 tons conventional fertilizer emissions in-field (without nitrogen stabilizer).

Figure 7 illustrates the flows of finance and carbon accounting. Fertilizer producer B would be the one
in the bottom (yellow).
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Figure 7: Postmix case: Farmer (cooperative) — CPG partnership, fertilizer mass balancing.
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As in Chapter 8, mass balance ‘supply shed’ regions for which the CPG buyer can defend a mass
balanced attribution claim may not be equivalent to the region for which the fertilizer producer can
defend such an approach. In any case, at the intersection of both claims will be a fully traceable impact
claim as in Figure 5.

Producer — CPG partnerships (Chapter 8)

To fertilizer producers, a big caveat to the previous partnership example is that it may not be known to
them that an intervention has occurred at all. Therefore, we may see partnerships where the fertilizer
producer takes a more active role such as what is discussed in Chapter 8.

The benefit of this collaboration structure is that both parties have scale. The challenge remains to
establish a supply shed with sufficient data available to assure connectivity between the intervention
and the physical flows under the GHG-Protocol inventory guidelines.

All the design factors discussed in Chapter 8 still hold. In particular:

e When the application of nitrogen stabilizer postmix can be physically traced to the fertilizer
product, nothing changes with respect to Chapter 8.

e When the nitrogen stabilizer application cannot be explicitly traced to a specific fertilizer
producer, the logic discussed in the previous section (postmix farmer (cooperative) — CPG
partnerships) again applies.

Distributor — Farmer (cooperative) partnerships (Chapter 9)

When an inhibitor distributor or producer collaborate with a farmer cooperative to generate in-field
emission reductions resulting in a lower footprint crop, it is likely they will try to find funding from CPG
buyers by selling at a premium.

Figure 8 visualizes the flow of funding from the CPG buyer to the inhibitor supplier and the resulting
attributed Scope 3 inventory claims. These emission reductions are mass balanced at the level of a
supply shed (the farmer cooperative) by showing physical connectivity of the crop the CPG buyer
receives and the nitrogen stabilizer delivered into the cooperative.

Although signs are promising, this partnership design is not guaranteed to deliver GHG inventory
reductions under the GHG-Protocol. Audit conclusions will depend on the robustness of the
implementation, particularly the level of traceability and the quality of volume reconciliation across the
supply shed. As with the Farmer (cooperative) — CPG buyer partnership discussed earlier in this
chapter, all carbon accounting considerations of Chapter 9 apply.

As with the Farmer (cooperative) — CPG partnership, it may be challenging for a fertilizer producer to
identify and verify which group of farmers is generating these emission reductions. If such data is
shared, the fertilizer producer will be able to report on these reductions in Scope 3, Category 11.
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Figure 8: Postmix case: Distributor — Farmer (cooperative) partnership, crop mass balancing.

Validation and Verification Bodies (VVB) and Standards: the benefits of a certification beyond
self-reporting

The forms of carbon accounting introduced in the previous examples are usually conducted based on
self-reporting with limited assurance and operating on a lower level of accuracy. In the context of other
data challenges establishing GHG inventory reporting, this level of assurance and accuracy may be
sufficient. Reported emission reductions are not independently certified and are not formally registered.
It will depend on the preferred assurance of the reporting entity whether additional verification or full
unit registration is needed. For inventory accounting methods, impact unit creation and registration is
not always required. That being said, having independent validation and/or verification of the
intervention being correctly implemented and quantified is always considered best practice.
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Chapter 11. The Claim of the Inhibitor Producer

In a postmix application of nitrogen stabilizers, the provider of the nitrogen stabilizer
plays a key role in generating climate impact. This chapter describes what type of claim
the inhibitor producer can make.

As mentioned, nitrogen stabilizers reduce in-field emissions which are accounted for in the Scope 1
GHG inventory of the farmer. This reduction in GHG inventory cascades into Scope 3 reporting.
Simplifying the supply chain in this example, the emission reductions will be reflected upstream by the
fertilizer producer and downstream by the CPG buyer. But unlike the fertilizer producer, farmer and CPG
buyer, in-field emissions are never part of the GHG Inventory of the inhibitor producer. Therefore, the
emission reductions will also not be part of the GHG inventory of the inhibitor producer.

Inventory versus project-based claims

Instead of accounting for the emission reductions of nitrogen stabilizers in the GHG inventory of the
inhibitor producer, the impact can be accounted for on a project basis. As discussed in Part A, this does
not lead to GHG Inventory adjustments but should be reported separately. For instance, an inhibitor
producer could make a claim such as:

e “Using our product, [XX] tons of CO2-eq was reduced by our customers.”

Furthermore, it is reasonable for inhibitor producers to assess the GHG impacts of their products on a
net basis, considering both the emissions reductions enabled by inhibitor use and the emissions
associated with producing the inhibitor itself. On this basis, producers could communicate the net tons
of CO2-eq mitigated after accounting for their own GHG inventory. Some stakeholders refer to such
impacts as “Scope 4” emissions, a term commonly used to describe avoided emissions or emissions
reductions enabled beyond an organization’s own value chain. In this context, organizations may report
on the emissions reductions facilitated by their products that occur outside their own GHG inventory.
However, no formal Scope 4 category currently exists under the GHG-Protocol. Until a recognized
accounting framework is established, inhibitor producers may communicate these benefits using
project-based accounting approaches, provided that the underlying methodologies, assumptions, and
boundaries are transparently disclosed.




Part D: Closing Remarks

This final part of this Guidebook presents key conclusions and recommendations.
They should be understood in the following context:

o The scope of this Guidebook is limited to nitrogen stabilizers and focuses on how supply chain
partners can jointly fund and report on their emission reductions.

o Whereas most concepts are introduced universally, most conclusions are based on what likely
will be acceptable to the GHG-Protocol for Scope 3 inventory accounting.

o The GHG-Protocol guidelines can undergo revisions during official updates, and conclusions
stated here should always be validated by expert auditors at time of application.
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Conclusions

1.

Nitrogen stabilizers carry great potential to generate climate impact

Scientific evidence suggests nitrogen stabilizers can become an important lever to reduce in-
field emissions from fertilizer use. These solutions are becoming increasingly available to
several actors in the agricultural supply chain. As a result of the special IFA-supported project
on nitrogen stabilizers and its IFA member sponsors, there is now a new methodology, EF
database and guidelines available to account for their emission reductions across many farming
systems.

Physical connectivity is critical to substantiate GHG inventory accounting

To scale adoption, supply chain partnerships will be key to aggregate funding and
implementation. To enable GHG inventory reporting for all stakeholders involved, just tracing
where the impact happens is not enough. Connecting and reconciling physical inputs and
outputs around the intervention is necessary. CoC models can be leveraged, but only if
implemented appropriately.

We need to start real-world audited programs to test and optimize implementation
Even when all GHG-Protocol rules have become final, there will remain a significant role for
auditors of GHG inventory reports to judge quality of implementation. Sharing examples of
successful programs and lessons learned from auditing processes on how to implement
nitrogen stabilizer partnerships with appropriate checks and balances will help accelerate
adoption.

Recommendations

Supply chain partnerships need not be limited to GHG inventory accounting

Certified emission reductions from nitrogen stabilizers may enable impact claims beyond GHG
inventory accounting for some supply chain actors, particularly where physical connectivity is
not possible or has not yet been established. The SBTi Corporate Net-Zero Standard (Version
2.0) recognizes that market instruments and commodity certificates based on CoC models,
including mass balance and Book & Claim approaches, can support activity-pool, sector-level,
and broader system-level decarbonization. Where the resulting decarbonization outcomes are
not reflected in a company's physical GHG inventory, the Standard indicates that they should
be accounted for and reported separately. Such actions may support system contribution claims
and may be particularly relevant in highly commoditized agricultural markets, where physical
traceability of material flows can be challenging.

Hybrid collaborations combining supply chain premiums with climate finance may be
required to accelerate global adoption

Carbon credits may be generated as an additional source of financing for farmer interventions
in cases where supply chain partners cannot cover all costs and where applicable project
standards, additionality requirements, quantification rules, and verification procedures are met.
These credits can be sold in voluntary carbon markets or used to attract subsidies that do not
interfere with, nor affect, any claims made within the supply chain.

Fragmented supply chains need integrated solutions

This Guidebook has deliberately sought to explain and interpret existing resources rather than
to develop new concepts. By speaking the same universal language, this Guidebook aims to
bring different frameworks and their stakeholders closer together to enable collaborative action.
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Glossary

Abatement cost: The cost required to reduce
a unit of greenhouse gas emissions.

Ammonia volatilization: Loss of nitrogen as
ammonia gas after fertilizer application.

Attribution: Allocation of emission reductions
or impacts to specific products or actors.

Baseline / Business-as-Usual (BAU)
scenario: Reference scenario representing
the expected level of emissions or
environmental impact if no additional mitigation
actions or interventions are implemented.

Batch traceability: Tracking a product back to
a specific production batch.

Book & Claim: A system where sustainability
attributes are traded separately from physical
products.

Carbon credits: Market instruments
representing one metric ton of CO,e reduced
or removed.

Chain of Custody (CoC): Rules for tracking
materials and associated claims through a
supply chain.

CO2-eq emissions: Greenhouse gases
expressed as carbon dioxide equivalents.

Combined inhibitors (UINI): Products that
contain both urease and nitrification inhibitors.

Contribution claim: A statement that a
company supports climate action without
claiming neutrality.

Corporate Value Chain (Scope 3) Standard:
GHG-Protocol standard for accounting Scope
3 emissions.

Controlled blending: Mixing materials under
managed conditions to preserve tracking of
attributes.

Development finance: Capital used to
support sustainable or climate-positive
technologies.

Double claiming: When two or more actors
assert ownership of the same GHG reduction
without having a unique supply chain
relationship.
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Emission factor (EF): A coefficient expressing
emissions per unit of activity or product.

Enhanced-efficiency fertilizers: Fertilizer
products designed to gradually release
nutrients, improving synchronization of nutrient
availability with crop uptake, resulting in
increased nutrient use efficiency and a
reduction in nutrient losses to the environment,
including volatilization, leaching, runoff, and
greenhouse gas emissions, compared to an
appropriate reference fertilizer product.

Environmental finance: Financial tools
supporting environmental and climate
outcomes.

GHG footprint: Total greenhouse gas
emissions associated with a product or activity.

GHG Inventory: A complete accounting of
emissions across defined scopes.

Low-emissions fertilizers: Fertilizers
produced with low-carbon or renewable energy
inputs.

Identity preservation: A CoC system where
materials remain fully segregated and
identifiable.

Impact traceability: Ability to track the
environmental impacts associated with a
product.

In-field emissions: Emissions released from
soil after fertilizer application.

ISO / ISEAL standards: International
standards for sustainability, traceability, and
quality.

Mass balance: System where physical mixing
is allowed, but sustainability attributes are
allocated proportionally.

Multi-site traceability: Tracking across
multiple production sites or facilities.

Neutralization claim: Claim stating that
remaining emissions are balanced by
removals.

Nitrate leaching: Loss of nitrogen as nitrate
moving through soil into water bodies.




Nitrogen stabilizers: Substances that slow
down the transformation of nutrients by
delaying or stopping the activity of specific
groups of microorganisms or enzymes. They
are added to nitrogen fertilizers to slow
nitrogen losses and reduce emissions.

Premix: Stabilizer added during fertilizer
production.

Postmix: Stabilizer added by distributors or
farmers before application.

Product Carbon Footprint (PCF): Total
lifecycle emissions of a specific product unit.

Project-based accounting: Emission
accounting focused on specific mitigation
projects.

Regulatory incentives: Policies that
encourage adoption of low-emission
technologies.

Scope 1 emissions: Direct emissions from
owned or controlled sources.

Scope 2 emissions: Emissions from
purchased electricity, heat, or steam.

Scope 3 emissions: Indirect emissions from
the value chain.
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Scope 3, Category 1: Purchased Goods &
Services: Emissions from purchased products
and inputs.

Scope 3, Category 11: Use of Sold Products:
Emissions occurring when customers use a
product.

Segregation: Physical separation of materials
to maintain identity in the supply chain.

Supply shed: A geographic region from which
a company sources agricultural goods.

Temporal reconciliation: Aligning data or
impacts to the same time period.

Tier 1 method: Emission calculation using
generic global emission factors.

Tier 2 method: Emission calculation using
country- or region-specific emission factors.

Tier 3 method: Emission calculation using
detailed, process-level or model-based data.

Volume reconciliation: Verifying that claimed
sustainable volumes match actual physical
quantities.

Willingness to pay (WTP): The amount
customers are prepared to pay for
sustainability benefits.
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